Background and Purpose-Arterial thromboembolism is a common cause of both visceral and brain infarctions. Because the cause of brain infarction is unknown in up to 39% of patients, the discovery of subdiaphragmatic visceral infarction (SDVI) in this context is important, but its frequency is unknown. We therefore investigated the prevalence of SDVI in subjects who died from stroke. We also evaluated the yield of SDVI diagnosis for stroke subtyping. Methods-We performed a case-control study using a series of 815 consecutive autopsies of patients who had died from a neurological disease, including 350 with stroke (260 infarcts and 90 hemorrhages). We systematically assessed the presence of renal, splenic, and mesenteric infarction (no case of spinal cord was recorded) and analyzed their determinants in patients with stroke. Patients with other neurological diseases served as the control group. Results-Renal infarction was the most frequent SDVI (10.2%), whereas mesenteric infarction was rare (1.1%). At least one SDVI was found in 16.9% of patients with stroke (38.7% of patients with a cardioembolic stroke) and in 5.1% of patients with other neurological diseases (adjusted ORϭ2.12; 95% CIϭ1.08 to 4.16). Among patients with stroke, a significant heterogeneity in the prevalence of SDVI was found across etiological stroke subgroups with only three patients (3.3%) with hemorrhagic stroke having an SDVI (2 mesenteric and one renal infarction) compared with 56 patients (21.5%) with ischemic stroke (PϽ0.0001). Among patients with brain infarction and a SDVI, 76.8% had a definite cardiac source of embolism. Conclusions-In patients with fatal brain infarction, the prevalence of SDVI is higher than previously thought, especially in those with stroke attributed to cardiac emboli. Seeking SDVI may assist in the etiologic diagnosis of brain infarction
T he specific cause of cerebral infarction remains undetermined in a large number of patients. 1 Although a thromboembolic mechanism is frequently suspected, it is often difficult to identify the source of embolism. 1 Cardiac and aortic sources of embolic stroke may also cause renal infarction, mesenteric ischemia, and acute limb ischemia. 2, 3 Most of the epidemiology of subdiaphragmatic visceral infarction (SDVI) in patients with stroke is based on information derived from case reports on patients with cardiovascular disease. Furthermore, SDVI may be underdiagnosed in patients with stroke because it may be asymptomatic or the symptoms and complaints may be more difficult to identify in the context of stroke. 4, 5 Hence, the actual prevalence of SDVI in ischemic stroke is unknown. Improvements in CT imaging have resulted in a marked improvement in the diagnosis of SDVI and of related vascular occlusion. 6 Such a diagnosis in patients with ischemic stroke may have an adjunctive role to clarify stroke mechanisms when an embolic mechanism is suspected. In the context of brain infarction, the presence of an SDVI mainly suggests a cardiac source of embolism or multiple arterial dissections 7 or a thrombotic disease (eg, disseminated intravascular coagulation or thrombocytopenia), but no series have quantified the frequency of SDVI in patients with stroke.
We investigated the prevalence of SDVI in patients with fatal stroke and compared it with that in patients with other fatal neurological diseases. We then evaluated the yield of an SDVI diagnosis to classify stroke into etiologic subtypes. For this purpose, we used a large consecutive autopsy series of patients who died from stroke and other neurological diseases.
Methods

Data Source and Population
Data were derived from the Multiple Atherosclerosis Site in Stroke study, an autopsy database of 886 patients with neurological diseases performed at La Salpêtrière Hospital in Paris between November 1982 and February 1989, when the autopsy rate was 73%. 8 Of these, 505 were patients with neurological diseases other than stroke (the control group) and 381 were patients with stroke, including 83 with brain hemorrhage, 288 with brain infarction, and 10 with both brain hemorrhage and infarction. Because incomplete clinical data (nϭ41) and/or missing autopsy examination of SVDI (nϭ54), 71 patients were excluded from this study ( Figure 1 ). The proportion of patients excluded (nϭ71) was similar in both study groups (8.1% versus 7.9%, Pϭ0.91).
Clinical history, risk factors, imaging data, premortem clinical diagnosis, and autopsy findings were extracted from patients' medical records. The etiology of ischemic stroke was categorized according to clinical data and pathological description following the GENIC (Etude du Profil Génétique de l'Infarctus Cérébral) classification 9 : lacunar infarct, atherothrombotic, cardioembolic, rare causes (such as disseminated intravascular coagulation and other hematologic causes, vasculitis, or dissection), coexisting causes (2 or more possible etiologies as defined previously), and unknown causes (when no identifiable cause was found). Patients with aortic arch plaques or ascending thoracic aorta plaques were included in the group atherothrombotic.
This classification was done by adjudicators blind to information regarding SDVI.
Autopsy Study
Autopsies were performed according to a standardized protocol 10 and to French regulations. Briefly, each autopsy report included a macroscopic assessment of all internal organs and of the brain, a detailed anatomy of the cerebral arteries (extra-and intracranial artery), the renal arteries, and the aorta with a systematic drawing of the site and extent of atherosclerosis. A significant stenosis of the renal artery was defined as more than 50% narrowing in the luminal. Cerebral artery stenoses were graded, blind to clinical subtypes, according to percent reduction in luminal diameter and were then categorized as 0, 1 (stenosis 30% to 74%), 2 (stenosis 75% to 99%), or 3 (occlusion) at any segment (these cutoffs were defined in 1963). The microscopic study always included the brain and the SDVI.
Statistical Analysis
Patients were divided into 2 groups according to the pathological evidence of stroke. We used Student t test to compare continuous variables and the 2 test to compare proportions; Fisher exact test was used when the expected cell frequency was less than 5. Comparisons of the prevalence of SDVI between the 2 groups were adjusted for age, gender, and clinical risk factors using logistic regression analysis. Crude and adjusted ORs of stroke associated with presence of SDVI were calculated with their 95% CIs.
We also compared the prevalence of SDVI between the brain infarction and hemorrhage and between the ischemic stroke subtypes using Fisher exact test. Because there was significant heterogeneity in the prevalence of SDVI across ischemic stroke subtypes attributed to cardioembolic causes, we computed the age-and gender-adjusted ORs of cardioemboli pathology associated with type and number of SDVIs.
In post hoc analysis, we studied the clinical and autopsy characteristics associated with the presence of SDVI in patients with brain infarction. Statistical testing was done at the 2-tailed ␣ level of 0.05. Data were analyzed using the SAS package, release 9.1 (SAS Inst).
Results
Among 815 consecutive autopsies, 350 patients had pathologic evidence of stroke (median time between event and death, 13 days [interquartile range, 5 to 32 days]) and 465 patients had other neurological diseases ( Figure 1 ). Patients with stroke were older, had more cardiovascular risk factors, and a more frequent history of cardiovascular events than patients with other neurological diseases ( Table 1 ). The gender ratio did not differ between the 2 groups.
Autopsy Prevalence of Subdiaphragmatic Visceral Infarction
At least one SDVI was found in 16.9% (95% CIϭ12.9 to 20.8) of patients with stroke and in 5.1% (95% CIϭ3.1 to 7.2) of patients with other neurological diseases (crude ORϭ3.73; 95% CIϭ2.27 to 6.12; PϽ0.001). This difference persisted after adjustment for age, gender, and clinical risk factors (adjusted ORϭ2.12; 95% CIϭ1.08 to 4.16). Renal infarction was the most frequent SDVI in this autopsy study and occurred in 83 patients (10.2%), whereas mesenteric infarction was rare (1.1%) ( Table 2 ). The adjusted ORs for renal and splenic infarction were 2.12 (95% CIϭ0.93 to 4.81, Pϭ0.07) and 3.04 (95% CIϭ1.03 to 8.98, Pϭ0.04), respectively. Twelve patients with stroke (3.4%) and one patient with another neurological disease (0.2%) had both renal and splenic infarction. None of the patients had mesenteric infarction associated with other types of SDVI.
Among patients with stroke, a significant heterogeneity in the prevalence of SDVI was found across etiologic stroke subgroups. SDVI was found in only 3 patients (3.3%) with hemorrhagic stroke (2 mesenteric infarctions and one renal infarction) compared with 56 patients (21.5%) with ischemic stroke (PϽ0.0001). Moreover, when ischemic stroke was divided into etiologic subtypes, SDVI was strongly associated with cardioembolic causes ( Table 2) . Of the 56 patients with ischemic stroke with SDVI, 64.3% were classified as the cardioembolic etiologic subtype and 12.5% were classified as having stroke with coexisting causes (combining atherothrombotic and cardioembolic causes). Among the 260 patients with ischemic stroke, the age-and gender-adjusted OR of cardiac source of embolism associated with the presence of any SDVI was 5.56 (95% CIϭ2.76 to 11.20) . The adjusted OR of cardioembolic pathology was higher when both renal and splenic infarctions were present (Figure 2 ). Among the 12 patients with ischemic stroke with both renal and splenic infarctions, 10 had a definite cardiac source of embolism.
Subdiaphragmatic Visceral Infarction Among Patients With Brain Infarction
We studied the clinical and anatomic characteristics associated with the presence of any SDVI among the 260 Values are expressed as percentage and number unless otherwise indicated.
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patients with stroke. In univariable analysis, patients with SDVI had a higher heart weight than patients without SDVI (Pϭ0.002; Table 3 ). Patients with SDVI were also more likely to have diabetes mellitus and a history of myocardial infarction.
Discussion
The main finding of this study is that SDVI was more frequently observed in patients with stroke attributable to a definite cardiac source of embolism compared with others. This result was of course expected based on previous clinical data, 11 but to the best of our knowledge, we did not find in the literature such a large autopsy series quantifying the frequency of SDVI in patients with stroke. Of 260 patients with brain infarction, 56 patients (21.5%) had at least one SDVI. Among them, 64.3% were classified as the cardioembolic etiologic subtype and 12.5% were classified as the etiologic subtype with coexisting causes (both atherothrombotic and cardioembolic). These autopsy results suggest that more than 75% of patients with ischemic stroke with SDVI had a definite cardiac source of embolism. In a study of 193 patients with ischemic stroke, Ramirez-Lassepas et al 12 observed 3 patients with a history of systemic embolization; these patients had a cardiac source of embolism. All these findings suggest that, in patients with stroke, SDVI is frequently related to a cardiogenic mechanism. Embolism of cardiac origin accounts for approximately 15% to 25% of ischemic strokes. 13 With the growing use of Values are expressed as percentage and number. *These 7 patients meet atherothrombotic and cardioembolic criteria. †Including 10 infarctions. ‡PϽ0.001 for the comparison with patients with cerebrovascular disease. transesophageal echocardiography, cardioaortic embolism can now be detected more frequently. 14 However, in up to 39% of patients with brain infarction, the cause remained undetermined 1 ; and in 13% of cases, a potential cardiac source of emboli coexists with a severe atherosclerotic stenosis of a cerebral artery or evidence of a small-vessel disease, making the diagnosis presumptive. 9 Furthermore, in several cases, only a suggestive clinical-neuroimaging pattern suggests a cardiac embolism as the explanation for the brain infarction, 15 but complete cardiac investigations do not confirm the diagnosis. These patients are usually classified into a single category ("stroke of unknown cause") and are frequently managed by aspirin, whereas systemic anticoagulation is preferable in the case of a cardiac source of embolism. 16, 17 For example, paroxysmal atrial fibrillation is an important risk factor for cerebral embolism 18 and may occur in the absence of any demonstrable heart disease, which makes its diagnosis difficult. Because cardioembolism in our series and in others is the main cause of systemic embolization, 2, 11, 19 the discovery of SDVI associated with cryptogenic stroke should be taken into account in the diagnosis of probable cardiac embolism and therefore may assist in making decisions for anticoagulant therapy. Earlier studies 20, 21 described the association between complex atherosclerotic plaques in the thoracic aorta and peripheral embolic events. We did not find any association between SDVI and ulcerated plaques in the abdominal or thoracic aorta among patients with brain infarction, but we could not exclude that this association was overlooked as a result of the lack of statistical power. 
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Renal infarction was the most frequent SDVI in our series. Of 56 patients with ischemic stroke with SDVI, 42 (75%) had a renal infarction. Of these, 33 patients (79%) had an ischemic stroke with a potential cardiac source of embolism. Although renal infarction is usually caused by embolism or renal artery lesion, 2, 19, 22, 23 no relation was found with renal artery stenosis in our autopsy data.
Study Limitations
There are some limitations in this study. First, autopsy studies are not representative of the whole spectrum of stroke; therefore, our results apply only to patients with fatal stroke. Second, this cohort was collected in the 1980s. However, although treatment and outcomes have evolved largely since then, the pathophysiology, epidemiology, and associations between the various conditions are likely to remain stable. Therefore, there is no reason to expect that an association observed between SDVI and some cardiac abnormalities then would not hold true today. Finally, we cannot also exclude that the retrospective review of cardiovascular risk factors from the medical charts leads to some bias and underestimation of the prevalence of cardiovascular risk factors in this population. Today, because of a dramatic decline in postmortem studies, large autopsy studies are very rare. For this reason, this large autopsy series provides unique information.
Conclusions
SDVI was found in 22% of autopsied patients with brain infarction. We found a highly significant association between SDVI and cardioembolic causes. Renal infarction was the most frequent among all SDVI. These results can assist in decision-making in patients with cryptogenic brain infarction. Based on these results, we believe that the yield of an abdominal CT scan should now be evaluated in the workup of patients with brain infarction of unknown cause and a clinical or radiological thromboembolic pattern. Follow-up studies are required to extend our results to nonfatal strokes and to assess the clinical use of SDVI diagnosis in patients with ischemic stroke.
